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APPASt^TUS AKD METHOD 

1. Field of the Invention 
The present inventio 
5 a method for protecting a 



FOR PROTECTXKG FU£I« CELL 

n relates to an apparatus and . 
fuel cell . ! . . 



2- Doscription of the Related Art 

In the related art:^ for example^ a proton-exchange 
membrane fuel cell has a stack (hereinafter/ referred 

10 to as a fuel cell) which is cdnsti futed by a plurality 
of stacked cells each comprising a proton-exchange 
electrolyte membrane which is held from both sides thereof 
by an anode and a cathode . In the proton^.exchange membrane • 
fuel cell so constructed, hydrogen is... supplied to. the 

15 anode as a fuel, and air is suppilied. tb the cathode as- 
an oxidant. Hydrogen ions generated at the anode as a 
result of catalytic reaction pass through the 
proton-exchange electrolyte membrane and move to the. 
cathode, where the hydrogen ions ©lectrochemically react 

20 with oxygen to thereby generate electric! ty . 

In a fuel cell like this proton-exchange membrane 
fuel cell, in the related art^ there is known a protection 
system like a fuel cell protection system disclosed in, 
for example, JP-A-6-223850, in which a hydrogen sensor 

26 is provided in a discharge system on the cathode side. 
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In this system/ when the hydrogen sensor detects a leakage 
of hydrogen on the anode side to the cathode side through 
the proton-exchange electrolyte membrane, the supply of 
fuel is shut off. 

In addition, known as the hydrogen sensor is a gas 
contact coxabustion type hydrogen sensor which has as a 
pair a gas detecting element comprising a catalyst such 
as platinum and a temperature compensating element. In 

• this- hydrogen sensor, the density of hydrogen aas is 
detected, according no, for example,: a difference in 
electrical resistance generated between the gais detecting 

•.element which is heated to a relatively high temperature 
state by heat generated from a combustion which occurs 
when, hydrogen is brought into contact with .the.. catalyst 
.such as platinum and the temperature co.mpensat<ing element 
which is in a relatively low temperature state which is 

.at the ambient: temperature- 

: Incidentally, in the fuel cell prot.ection system 
according to the related art, it is simply set such that 
the fuel supply is stopped in the event that hydrogen 
is detected in the discharge system on' the cathode side 
of the fuel cell/ and no consideration is given to the 
state of the fuel cell. Due to this, for example, in the 
event that a threshold value for determining on a shutoff 
of the fuel supply is set at a value which is too high. 
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the ehutoff of the fuel supply is delayed/ and this may 
lead to a risk that an abnoriaal state generated in the 
fuel cell progr-esses to an excessive extent. 

Summary of the Invention 

The invention was made in view of this situation^ 
and an .object thereof is to provide an apparatus and a- 
method for protecting a fuel cell appropriately. • • 

With a view to attaining the obj ect by solving the 
problem^/ according to a first aspect of -the invention, 
ther.e is provided an apparatus for protecting a. fuel. cell, 
(for .example/ a • fuel cell 2 in an embodiment) which 
generates el.ectr icicy by supplying -as . reaction . gases 
.'hydrogen ; to. an - anode and oxygen- to* a. . cathode, -for 
.eiectrdchemdcal . .reaction, the ^pp.ara.tus. vcompr i.-sing '• ■a 
hydrogen sensor (for example, a hydrogen sensor 4 in the 
embodiment) for detecting hydrogen in off-gas discnarged 
from the cathode,. an operating state detecting unit (for 
example, a pressure detector 11a, a pressur.e detector 
12a, a. flow ra.te detector 12b, a current controller. 5 
in the embodiment) for detecting an operating srate of 
tiie fuel cell, a memory unit (for example, a memory unit 
8 in the embodiment) for storing a determination threshold 
value corresponding to a detection value of the hydrogen 
sensor which is set according to the operating state of 



the fuel cell/ an abnormal state determining unit (for 
example, a step S04 in tJie embodiment) for comparing a 
detection value outputted from the hydrogen sensor and 
the determination threshold value obtained from the 

5. . storing unit according to the operating state of the fuel 
cell outputted. from the operating state- detecting unit 
and determining whether or not the fuel cell is in abnormal 
state according to a result of rhe comparison, anii a 
protect ing unit ( f or example , a.step S.0 5 in the -embodiment ) • 

10 ■ f or 'changing the operating state of the fuel cell according 
' ro a result: of rhe determination by the abnormal state 
determining unit. 

•According .to the fuel cell protection, apparatus 
•.constructed as described above# .the... . abnormal state 

.5. :.de-t.eraiiiniTig . uixit. . compares a de.t.ect.i on. valu^e -. outputted . 
from the hydrogen sensor with the predetermined 
determination threshold value set: according to. the 
.operating state-of the fuel cell . Th.eref ore, for example^ 
even in the event that the amount: of hydrogen in.the off-gas 

:o changes, according to the operating state-of the fuel, cell 
in a normal state which is within a predetermined allowable 
range relative to the operating state of the fuel cell, 
the occurrence of an abnormal state can be determined 
by an appropriate determination threshold value, and an 
5 appropriate process can be implemented by the protecting 
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unit when the abnormality of the fuel cell is determined. 

Furthermore, according to a second aspect, of the 
invention, there is provided a fuel cell protection 
apparatus wherein the protecting unic. reduces at least 

5 one .of the difference in pressure between the reaction 
gases at the anode and the cathode, supply pressure of 
' the reaction.gases , supply flow rate of the reaction gases 
and generated current of rhe fuel cell. 

According to the protection apparatus constructed 

10.. as described above, in the event, that the fuel cell is 
.dererinlned ;as Joeing in an abnormal state* by the abnormal 
state determining unit/ by reducing by the protecting 
unit at Least one o.f the difference in pressure between 
• the reaction gases at the anode and . the.: cathode, .supply 

.•6- "..pre.ssu.re. of the reaction gasG.&.,,vVsupply-. f low. rate of the 
reaction gases and generated current of the fuel cell/ 
it is possible to prevent the excessive progress of. the 
.abnormal state occurred in the fuel cell or, for- example-, 
the abnormal state occurred in ..a. proton-exchange 

:0 electrolyte membrane in an ensured fashion • 

Brief Oescriptioxi of the Dr^awings 
Fig. 1 is a drawing showing the configuration of 
a fuel cell system provided with a fuel cell protection 
5 apparatus according to an embodiment of the invention; 

5 
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Fig . 2 is a plan view of a hydrogen sensor shown 
in Fig- 1; 

.Fig. 3. is a schematic sectional view taken along 
the line A-A in Fig. 2; 

Fig* 4 is a drawing showing a bridge circuit formed 
,by • connecting- a detection element • with-* a. temper.ature 
compensating element; 

Fig* 5 is a flowchart showing an operation of the 
fuel cell protection apparatus shown in. Fig. 1; 

. .Fig. 6 . is a graph showing, an exampLe of change in 
.an allowabl.e differential pressure between an anode and 
a cathode which changes according to detection values, 
outputted from the hydrogen sensor; . : . 

• ' Fig. 7 ::is /a graph showing an. example' .o.f change .-in 
lan.. -.allowable -.cathode ..operating 'pressure which changes, 
according to detection values outputted from the hydrogen 
sensor; ' and 

. .Fig. 8 is a graph showing an example of change in 
an* allowable . maximum generated current which changes 
according ro detection values outputted from the hydrogen 
sensor. 

Detailed Description of the Invention 
Referring to the accompanying drawings^ a fuel cell 
protection apparatus according to an embodiment of the 
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invention will be described below. 

As shown in, tar example^ Fig. a fu©l cell 

protection apparatus (hereinafter, simply^ referred to 
as a protection apparatus) l Is equipped on a fuel cell 

5 system 2a . . .The fuel cell system 2a comprises a fuel :cell. 
2, -an-air compressor 3 for supplying air containing oxygen 
to. an cathode of the fuel cell 2^ a hydrogen sensor ' 4, 
a current controller 5^ an electricity srorage unit 6, 
'.a control unit 1, and a memory unit 8-. . The protection. 

0 apparatus is constructed to include^:, for example, :the 
. current . controller . 5, the control unit 7^.- an. . anode , side 
pressure and fl:.ow. rate regulator 9a and a cathode side 

-. .'pressure and flow rate regulator 9b. ..... 

•The fuel cel.l..-.2 is made up of a multiplicity .of stacked 

5 -*^ruel cells (not .sho,wn.). in each of which^.a proton-exchange 
electrolyte membrane comprising, for example, a cation 
exchange membrane is Jtield by an anode . and a cathode to 
GonstitAite an-'.electr oly te electrode structure^ which is 
further held by a pair of separators. 

0 As. shown in/ - for example/' Fig. 1, when a. fuel gas 

such as hydrogen is supplied to the anode from an. inlet 
side piping 11/ hydrogen is ionized or dissociated on 
a catalyst applied to the anode^ and the fuel gas so ionized 
or dissociated protons then moves to the cathode via the 

5 proton-exchange electrolyte membrane which is 
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appropriately moistened. Electrons dissociated from 
hydrogen then are taken out zo an external circuit to 
be used as direct current electrical- energy . Since air 
.containing an oxidant gas such as oxygen is supplied from 
5 . the compressor • 3 to the cathode via an inlet, side piping- 
. 12^- -the hydrogen ions^ electrons and oxygen react with 
one. another on this cathode to thexeby. produce water. 
Then# * so called of f -gases resulting from the reaction 
: are discnarged to the. outside of the system. from outlet 
10 aixie pipdngs . 13-/ 14 of the anode, and the cathode, 
. . respecciveiy. . . . : : ... 

Here, a pressure detector llafor detecting the 
.pressure .of the fuel gas supplied to the anode. side is 

■ provided .in .the.vinlet side piping 11 on .the. anode •■.side 
15 ,-x3f the fuel- cell. .2,.-/ A pressure detector 1 2a:. and a.rf . low 

rate detector 12b for detecting, respectively, the 

■ pressure and. flow rate of air supplied to the carhocie 
side are prov-ided in the inlet side piping 12 on the ca thode 

• side of fuel cell 2. Detection signals outpurted from 
20. the respective detectors 11a, 12a, 12b are inputted into 
the control unit 7. ■ ■.. 

In addition, generated current taken cut of the fuel 
cell 2 is inputted into the current controller 5 provided 
with, for example, a DC-DC chopper. The electricity 
25 storage unit 6 const ituted by , for example^ an electrical 
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double layer capacitor or an electrolytic capacitor is 
connected, to the current controller 5. 

• The current controller 5 controls the current value 
of generared current taken out .of the fuel cell 2 based 
5 on a current command value outpxitted from the control 
unit 7 or an e.lectricity generation command for the fuel 
..cell -2 • The current controller 5 also .detecta^ genera ted 
current actually taken out of the fuel cell 2 and inputs 
a .detection value so. detected into ithe • control unit. 7, 
.0 . * Furthermore* the hydrogen sensor 4 is. attached, to . 

a'.vertically upper portion of the outlet- side pipdng.l4 
on the cathode side so as to confirm that - no .hydrogen 
.-.is discharged to off-gas which flow in the outlet side 
•piping':14 : ^ 
5 r • ; The . hydro-g.en sensor 4 is made to be./. ;f or- fe»ample.>. . 

a gas contact combustion-type hydrogen sensor and haS/ 
. . .as .showir'.'in Figs- 2 and 3, a rectangular, prism-lik^e case 
21.. The case..2.1 is made from, for example, polyphenylene 
* sulfide and has flange portions 22 at both longitudinal 
0 ends thereof. A collar 23 is . attached to the flange 
portion 22, and a bolt 24 is passed through the.' collar 
23 so as to be tightened and fixed into each mounting 
seat 25 provided on the outlet side piping 14 on the cathode 
side. 

5 In addition^ as shown in, for example. Fig- 3, a 
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tubular portion 26 is formod on a lower side of the case 
21, and a gas detection chamber 27 is formed in zhe interior 
of. the tubular portion 26. A flange portion 28 is formed 
; on an interior side of the gas detection chamber 27 in 
5- . such, a manner as* to extend inwardly • A. gas introducing 
• portion 29 is formed to be opened ; in an ..inner 
./.circumferential portion of the flange portion 28 • 

A circuit board 30 sealed with a resin is provided 
inside . rhe case . 21 . A detection element 31 .and a 
.0/ 'tcmpe:ratur e. compensation element 32- which are disposed 
*in t:he. intie.rior of the tubular portion .26. ar© . connected 
to the circuit board 30. Then, the respective elements 
3.1, 3.-2.are disposed a certain distance apart, from or- at 
■ a certain, height above a base 34 disposed, on.. *.a. -bottom; 
.5 . ,27Aof .the ga-5.d.eJt:ej::t ion chamber 2-.7 In a t:hic)cness.:dLi.re,cTLion.. 
of a hydrogen sensor main body and apart from each other 
at . a .piredet.ermined interval by means of • a- plurality of 
.or, for- example, -.-four pins 33. 

In addition, a seal material 35 is attached to an 
p ourer circumferential surface of the tubular :portion 2 6 
so as to. closely contact an inner circumferential wall 
of a through nole 14a in the outlet side piping 14 to 
thereby ensure airtightness • 

The detection element 31 is a known element and is 
5 formed, as shown in, for example. Fig. 4, by coating the 



10 



surface of a coil 31a of a metallic wire including platinum 
having a Ixigh temperature coefficient relative to 
electrical resistance with a carrier such as alumina which 
carries a cacalyst 3.1b comprising a noble metal which 
is active to hydrogen as a gas to be detected. 

The temperature compensation element 32 is. made to 
be" inactive to the gas to be detected and is formed, for 
example, by coating the surface of a coil 32a which is 
■;©quival.ent to -.the detection element-* 31 with a. carrier' 
.such' as: aiumina. . • . - » ■ . ,;\ . 

. Then;., the density of hydrogen is. designed to be 
-detected, by utilising a difference .in electrical 
:resi.stance value between the detecti.on element 31 which- 
•ls...heafeed .to* .a high temperature by heat -.gener.ated; from 
.a : combusui on' ..reaction producea' when- hy-dLrjD-g;ej:i.\.whic»h'. is. 
a gas to be detected is brought into contact, with the 
. catalyst . '31b .and the temperature compens-at ion element 
32- which produces no combustion reaction .by the . gas to 
be detected and which is hence at the. ambient temperature 
and offsetting- a change in electrical resistance value 
by the ambient temperature. In other words, rhe density 
of hydrogen is detected by utilizing a value obtained 
by subtracting a difference in electrical resistance value 
between the detection element 31 and the temperature 
compensation element 32 in Che event that no gas to be 



11 



detected exists in gases introduced into the gas detection 
chamber 27 from a difference in electrical resistance 
value between the detection element 31 and the temperature 
compensation element 32 in cho event that the gas. to. be 
5 detected exists in gases introduced into the gas detection 
chamber 27 ... . 

As shown in^ for example, Fig. 4, in a bridge circuit 
in which a branch arm formedl by connecting the detection 
... .element 31 (resistance value R4) and the temperature 
.0 compensation' element 32 ( resistance value R3) in series 
anci a branch arm formed by connecting- a fix^ed resistance- 
• . 41 {.resistance value Rl ) and a fixed resistance 42 
:(re;sist:ance .value R2) in series are connected in parallel 
::.r.elati.ve :to- a power . supply 4 3> a voltmeter ..4-4 i.s connected-. 
.5v:..-: beT:«w.e,eai.-.a: ..contact: • .PS between the: de.tectio.n: eiemoent. -SI. 
and the temperature compensation element 32 and a contact 
: ■ PR between rhe fixed resistances 4-1., ^2 for detecting 
.a voltage between these contacts PS, PR. 

Here/ In the event that no hydrogen which- is a .gas 
JO to be detected exists in gases introduced into the gas 
■detection chamber 27 for inspection, the bridge circuit 
is balanced to be in a state where RlxR4=R2xR3^ and the 
output from the voltmeter 44 becomes zero. In contrast, 
in the event that hydrogen exists, hydrogen burns on the 
J5 catalyst 31b of the detection element 3i^ and the 
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temperature of the coil 31 is increased/ whereby the 
resistance value R4 is increased. On the other hand, in 
the temperature compensation element 32/ hydrogen does 
noc burn, and hence the resistance value R3 dloes. not change • 
•This breaks the equilibrium in the bridge circuit/ and 
an appropriate voltage which tends to. change to increase 
as the density of hydrogen changes to incr.ea:se is then 
applied CO the voltmeter 44 . A detection value of voltage 
:which is • outputted f rom this vo-^ltmeter' 44. is- . outputt ed 
to the.control unit 7. Then/ tn the control unit 1, a 
map. of pre-rset hydrogen density is. retr-ieved as the.vol tag-e 
detection value changes/ whereby the-.density of hydrogen 
■ is- calculated.. ... 

i .- ; Hexe/Cthe.memory unit 8 stores:.maps..of predetermined 
. jdeite-JTiaiJiat ion .. tnreslioldl values-^ .f or ..; detection..- values- 
detected by the hydrogen sensor 4 according to the 
operating state of the fuel cell 2 such as. a different ial 
pressure between the anode and. the cathode which is 
understood to be a difference in pressure between the 
reaction gases at the anode and the cathode/ the operating 
pressure which is understood to .be the pressure of fuel 
gas supplied to the anode or the pressure of gas containing 
oxygen supplied to the cathode/ generated current of the 
fuel cell and the flow rate of the reaction gases. 

For exampler determination threshoici values are set 



13 



in the map of predetermined determination threshold values , 
and the determination threshold values tend to change 
to decrease in association with the decrease in loaded 
state of the fuel cell 2 such as the decrease in. generated 

& current of the' fuel cell 2 and the decrease .in pressure . 
of the reaction gases supplied to the fuel .cell 2. . By 
•doing this> for example^ even in the. event that an 
abnormality is occurred in the fuel cell 2, the excessive 
..progress of the abnormal, state so occurred, is designed 

0 to be. prevented. 

. The- control unit 7 retrieves the maps st-ored* in the- 
memory unit 8 based on the. differen.tial . pressure- be tween 
the anode and the cathode and the operating pressure which 
are calculated based on signals inputted: . fx om the 

5 JT aspect Ive .pressure dete.ctor s v lla>... .l'2:a.> -and* defection 
values of the flow rate of the reaction gases and the 
g-enerated current of the fuel cell 2 which are inputted 
' fro.m. the flow rate detector 12b and the current controller 
5, and obtains a predetermined determination threshold 

3 val.ue.: Then, the detection value outputted from the 
hydrogen sensor 4 and the determination threshold value 
obtained from the memory unit 8 are compared/ and in the 
event that the detection value is determined to exceed 
the determination threshold value/ a predetermined 

5 protecting process is implemented for the fuel cell 2 • 
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In this protection process, the differential 
pressure between the anode and the cathode and the 
operating pressure of the fuel cell 2 and the' flow rate 
of the reaction gases supplied to ttie .fuel cell 2 are 
decreased by controlling^ for example,: the. anode side 
pressure. and flow rate regulator 9a provided in the inlet 
side piping :11 on the anode side of the. fuel cell. 2/ the. 
cathode side pressure and flow rate regulator 9b provided 
in tlie -inlet side piping. 12 on the . cathode side: of the 
fuel cell 2 and the air compressor 3>: and the. genera.tedi 
current of -tlie fuel cell .2 is decrea^&ed by controllving 
.the .current controller 5* 

. . ..'The. fuel cell protection apparatus 1 according. to 
.the .embed im en t has the construction* as* .described above, 
-and* ; Ji-ex tv.?:.the - oper.ation. :.of tixe fuel", cell, .pr.ot e-c tio.n 
apparatus. 1/ or a method for protecting the fuel cell 
will be described by reference to the accompanying 
drawings*. . . ; ■ . y 

Firstly/. in step SOI shown in Fig, 5^ while the fuel 
cell 2 is in operation, the control-unit 7 obtadjis detection 
signals from th.e respec.cive pressure detectors 11a, 12a 
tocalculate, forexample, a di f f er ential pr es sure be tween 
the anode and the cathode and an operating pressure as 
the operating state of the fuel cell 2, or obtains a 
detection signal of the reaction gas flow rate from the 
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flow detector 12b and a detection signal of the generated 
current from the current controller 5. 

In step S02f the control unit 7 obtains a detection 
value of voltage from the hydrogen sensor 4, 
5 ' In step S03.^-.the control unit 7 obtains the respective . 

determination threshold values according to the operating . 
' state of. the fuel cell 2 from the memory unit 8, 

In step S04'/ the control unit 7 determines whether 
or. not the-detection value of voltage* outputted fxrora the • 
10. hydrogen . sensor 4 is larger than xhe determination. . 
... thresh-ol'd- value ^obtained from the memory unit 8. according 
to the • operating state of the fuel. cell 2. 
■ ' in case the ".result of the determinaticn is r'^NO'"/ . 
.i.the-. -series ' of processes ends . . • - .;. .■: - • 

15>'. . v.'-ln contr^as'tv the.res\alt of th.e:-det ermi-nat ion.is ^^YRS"/ 
then, advance to step S05, where the differential pressure 
between, the anode and the caxhode and* the operating, 
pressure of the fuel cell 2, the flow rate of the reaction. 
..gases supplied to the fuel cell 2 and the generated current 
20 that the fuel cell 2 is required to genexate are decreased/ 
and the series of processes ends. - 

As shown in, for example. Figs. 6 to 8/ the memory 
unit 8 stores therein the maps of the allowable . 
differential pressure between the anode and the cathode, * 
25 the allowable cathode operat ingpressure and the allowable 
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maxiiaum generated current which tend to decrease as the 
detection value of voltage outputrted from the hydrogen 
sensor 4 increases. In changing the operating state of 
the .fuel cell 2 in step 505 as has been described above, 
5 . the differential pressure between the anode and the 
cathode/ the operating pressure and the generated current 

• are set at values which do not exceed the tespective 
allowable values according to the derecrion value of 

* voltage outputted from the hydrogen sensor. 4; 

) '..As has been -described heretofore^ according to the. 

•fuel • cell • pzrotection apparatus 1- • accor-ding : .to th.e 
•embodiment of the invention, the occurrence of. an abnormal 
..srate in the fuel cell 2 can appropriately , be deterinined 
by comparing the detection value .outputted f rojoi-,. the. , 

\ -..hydrogen sensor 4.wi.th the predetermin^ed threshold-.^alues.- 
which are set according to the operating state of the 
f uel cell 2 . ;Theref ore, when an abno:riaal . state occurs/- 
the appropriate- protection pracess.can.be implemented 
quickly , . • 

f Moreover, . since the predetermined- determination* 

threshold values are set so as to change to decrease :as 
the loaded state of the fuel cell 2 decreases, in particular, 
in the event that an abnormality occurs in a state in 
which the loaded state of the fuel cell 2 is in a relatively 
low state, the excessive progress of the abnormal state 



17 



is prevented, whereby the suitable protection process 
can be implemented more quickly. 

In addition, the density of hydrogen at another 
. location of the fuel cell system 2a may be estimated based 
5. on a -detection value outputted from the hydrogen sensor 
4. provided/ for example/ in the outlet, side: piping. 14 
on the cathode side/ and this estimated value may. be 
compared with the predetermined dererminat ion rhresiiold 
• value ro determine whether or not an abnormal state occurs 
.0 . in. the • fuel cell 2. 

■ / in.' addition^ in the embodiment described above, 
' -while the circuit formed by connecting the respective 
elements . 31./. .32 is made to be . the bridge: circuit/ 'the. 
: invention, is .:not limited to this-. It .-may. -taJce- another. 
S-.type of .circui-^ such as a series .cijrcuitv and a defeect-ion- 

value of voltage or current between predetermined contacts 
. . .may. be outputted to the control unit. 7 as a: state, amount 
related - to the detection value of the hydrogen, .sensor 
4 or the resistance value R4 of. the detecting element 
0 31 . • .. r • * • . • 

For . example, when attempting • to detect an 
inter- terminal voltage of the detecting element 31 in 
a state where a predetermined voltage is applied to a 
series circuit provided with the detecting element 31 
5 and an appropriate element whose resistance value 
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increases as the density of hydrogen increases, in the 
event that: the density of hydrogen increases,, since the 
voltage drop at the detecting element 31 increases 
relatively in this series circuit, in the event that the 
detection value of the inter-terminal voltage so obtained 
is larger than the predetermined determination threshold 
value, .the operating state of the fuel cell .2 is changed. 

In addition, for example, wnen attempting to cletect 
a. curvrent e-nergized to the detect ing element .31- in: a. state 
where a predetermined current is' supplied to a parallel 
circuit .forme-d- toy connecting the detecting, element. 31 
with an £ippropr-i,at e element whose resistance value 
increases as the density of hydrogen. increases in parallel 
^by . a*-.constan-t-cuxrent bias .circuit; in ..fehe-.-iev/ejit :.bhat. 
the densit?yr .oX,.. h,ydrogen increases; since • the-, current, 
energized to. the detecting element 31 decreases relatively 
in the parallel- circuit;, the operating state of the fuel 
cell 2 is .changed- when a detection value .of the. current 
is lower than the predetermined determination threshold 
value. 

As has-been described heretofore^ according to the 
fuel cell protection apparatus of the first aspect of 
the invention^ an occurrence of an abnormal state in the 
fuel cell can appropriately be determined by comparing 
the detection value outputted from the hydrogen sensor 
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with the predetermined determination value which is set 
. according to the operating state of the fuel cell, whereli^y 
• the appropriate, protecting process- can be implemented 
• immediately the abnormal state occurs. 
S .Furthermore, according to the fuel cell protection 

app.aratus of .the second aspect of the inv.ention, in the 
event 'that . th« fuel cell is determined as- being in. ah 
abnormal state by the abnormality determining unit, the 
■ excessive progress of an abnormal state occurring in. the- 
0 ■ • fuel cell- or. in the proton-exchange- electrolyte membrane 
canJ^e prevented in an ensured fashion by. decreasing, at 
least one of the differential • pressure: be tween ■ the 
■ . reaction.. gases a.r the anode and the ca.thode, .the supply 
. pres.sure. .-.of the: reaction gasesy the supply -tlow rate of 
5. •the.rea-.ctrion. gaseis./ and the generated cujrrenitJof . thei f.u.el 
cell by the protecting unit. 
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